From the whole plant of Dendrobium signatum, a new bibenzyl-dihydrophenanthrene derivative, named dendrosignatol was isolated, together with the known compounds 3,4-dihydroxy-3,4-dimethoxybibenzyl, dendrocandin B, dendrocandin I and dendrofalconerol A. The structure of the new compound was elucidated through analysis of its spectroscopic and mass spectrometric data. All of the isolates showed appreciable cytotoxic activity against three human cancer cell lines, including MDA-231, HepG2 and HT-29 cells.
Dendrobium is the second largest genus in the Orchidaceae, and is represented by more than 1,100 species that are widely distributed throughout Asia and Australia [1] . The stems of plants in this genus have long been used in traditional Chinese medicine to nourish the stomach, promote the production of body fluid and reduce fever [2] . Previous phytochemical investigations of Dendrobium led to the identification of several classes of compounds such as bibenzyls, phenanthrenes, sesquiterpenes and polysaccharides [3] . Some of these secondary metabolites possess interesting biological activities, for example, anti-inflammatory, antioxidant, immunoregulatory, anti-metastatic and cytotoxic activities [46] .
In Thailand, about 150 species of Dendrobium have been identified [7] . D. signatum Rchb. f. is found in the north and upper northeast of Thailand and known in Thai as "Ueang Kham Kiu" [8] . Prior to this study, there were no records of chemical and biological examinations of this plant. As part of our continuing studies on bioactive metabolites from Dendrobium [9, 10] , we investigated the chemical constituents of D. signatum. A MeOH extract of this plant, after partition and repetitive chromatography, yielded a new bibenzyl-dihydrophenanthrene derivative named dendrosignatol (1), together with the four known compounds 3,4-dihydroxy-3,4dimethoxybibenzyl (2) [11] , dendrocandin B (3) [12] , dendrocandin I (4) [13] and dendrofalconerol A (5) [14] . The structures of these compounds were determined through extensive spectroscopic studies, including 1D-and 2D-NMR, as well as HR-ESI-MS experiments.
Compound 1 was obtained as a red amorphous solid. The positive HR-ESI-MS showed an [M+Na] + at m/z 521.1585 (calcd. for C 30 H 26 O 7 Na, 521.1576), suggesting the molecular formula C 30 H 26 O 7 . The IR spectrum showed absorption bands for OH groups (3367 cm -1 ), an aromatic ring (2917, 1510 cm -1 ), methylene (1467 cm -1 ) and ether (1246 cm -1 ). The UV absorptions at 227 and 283 nm were suggestive of a bibenzyl-dihydrophenanthrene structure [1516]. The 1 H NMR spectrum of compound 1 (Table 1) exhibited nine aromatic proton signals at  6.348.23 and resonances for two methoxyls at  3.67 (3H, s, MeO-12) and 3.76 , which showed HSQC correlations to the carbon atoms at  30.8 (C-8), 45.1 (C-8), 25.9 (C-7) and 39.0 (C-7), respectively, indicated a bibenzyl-dihydrophenanthrene skeleton [15, 16] . Comparison of the 1 H and 13 C NMR data of 1 with those of dendrofalconerol A (5), a bis(bibenzyl) compound earlier isolated from D. falconeri [14] , revealed that the bibenzyl unit (rings A and B) of 1 was similar to that of 5. . Based on the above spectral evidence, the structure of 1 was established as shown, and the compound was given the trivial name dendrosignatol.
Compounds 1-5 were then evaluated for their cytotoxic potential against three cancer cell lines including human breast cancer (MDA-231), human hepatocellular carcinoma (HepG2) and human colorectal adenocarcinoma (HT-29). Each compound was initially evaluated at a concentration of 100 g/mL. An IC 50 value was determined if the compound exhibited more than 50% cytotoxicity against the cancer cells. These monomeric and dimeric bibenzyls (1-5) showed cytotoxic effects against the three cancer cell lines with IC 50 values in the range of 25.2137.8 M (Table 2) . Dendrosignatol (1) and dendrocandin B (3) exhibited the strongest cytotoxicity against MDA-231 (IC 50 values 25.2 and 25.9 M, respectively), followed by HT-29 (IC 50 values 30.4 and 29.3 M, respectively). Dendrocandin I (4) and dendrofalconerol A (5) also exhibited appreciable cytotoxic activity. It is interesting to note that compounds 1, 3, 4 and 5, which are derivatives of compound 2, were 2 to 3fold more potent than 2. However, all of the isolates were moderately cytotoxic when compared with doxorubicin. To the best of our knowledge, this is the first report on the chemical constituents and cytotoxic activity of D. signatum. 
Extraction and isolation:
The dried powdered whole plant of D. signatum (3.5 kg) was extracted with MeOH at room temperature. The MeOH extract was filtered and evaporated under reduced pressure to give a dry MeOH extract (200 g). This material was suspended in water and partitioned with EtOAc and n-BuOH to give an EtOAc extract (41 g), a n-BuOH extract (130 g), and an aqueous extract (28 g). The EtOAc extract was separated by vacuum-liquid chromatography on silica gel (acetone: n-hexane, gradient) to give 8 fractions (A-H). Fraction E (3.2 g) was further fractionated by CC over silica gel (acetone: n-hexane, gradient) and then purified on Sephadex LH-20 (acetone) to yield 3,4-dihydroxy-3,4dimethoxybibenzyl (2) (184 mg). Fraction G (4.1 g) was separated on a silica gel column (acetone: n-hexane, gradient) to give 37 fractions. Fractions 18-20 (980 mg) were combined and then subjected to CC over silica gel, eluted with an acetone: n-hexane gradient to give 48 fractions. 
Cytotoxicity evaluation:
For each cell line, cells were seeded in 96well plates at a density of 5x10 3 cells/200 µL of complete medium per well and incubated at 37C in a humidified atmosphere enriched with 5% (v/v) CO 2 . After 24 h, cultured cells were washed, and 200 µL of serum-free medium was added. Subsequently, 2 µL of sample solution (in DMSO) was added to obtain the final concentrations in the range of 1100 µg/mL. DMSO and doxorubicin were used as blank and positive controls, respectively. Treated cells were incubated for 72 h prior to the addition of 20 µL of MTT solution (5 mg/mL of 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide). The incubation was continued for another 4 h. The media was removed, and a mixture of DMSO (175 µL) and glycine (25 µL) was then added to each well to dissolve the formazan crystals. The absorbance of formazan was measured at 540 nm with a microplate reader. Four replicates of each experiment were performed, and the concentration of compound (µM) that induced 50% cell death (IC 50 ) in comparison with the control was determined [17] .
